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Four Questions

• 1  Is warming real?

• 2  Is warming special?

• 3  Can we understand/model it?

• 4  Can we project its future?







 



Surface weather stations: Note concentration in US and western Europe. 
Vast areas of the world with no coverage. Ocean 70% of surface.



Arctic Sea Ice Extent

•



Polar Sea Ice
Sept. 2007
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• Vertical weighting functions (grey) depicting the layers sampled by satellite MSU
measurements and their derivatives, and used also for radiosonde and reanalysis records.
The right panel schematically depicts the variation in the tropopause (that separates the
stratosphere and troposphere) from the tropics (left) to the high latitudes (right). The fourth
panel depicts T4 in the lower stratosphere, the third panel shows T2, the second panel
shows the troposphere as a combination of T2 and T4 (Fu et al., 2004a) and the first panel
shows T2LT from the UAH for the low troposphere. Adapted from Karl et al. (2006).



UAH and RSS LT Trends



 





2. Is the warming special?

• Is the warming different than what might be
expected from our understanding of natural
climate variability?

• Why can’t the sun be causing this warming?



Collectively known as
the
Milankovitch Effect



Antarctic ice core records showing temperature and CO2 changes
for last 420,000 thousand years.



 



Recent Paleo-Temperature





Source:
Wei-Hock Soon, 2004

Sunspot records begin
with Galileo in 1610
That is cycle 1. We
are currently entering
cycle 23

Basically, when
Sunspot number is
low the earth is cold,
when it is high the
earth is warm.



Re-evaluation of TSI



 



3a. Can we understand/model it?

• How good are models?
• Isn’t the climate too complex and chaotic to

be reliably simulated in a computer?
• If we can’t predict next week’s weather,

how can we expect to predict next
decade’s?

• Can models really make predictions?



Model Prediction of Global Temperature
Recovery from Mt. Pinatubo-caused Cooling
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Natural vs Modeled Climate Variability
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CCSM3 Ctrl 
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Model Predictions look good

•



Environment America
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3b. ATTRIBUTING WARMING
TO HUMANS

How does climate forcing by so-
called anthropogenic greenhouse

gases compare with natural forcings
that have caused climate change in

the past?





Radiative Forcings



 





Probability of climate sensitivity
(from Hegerl et al 2006)



 



Ensemble
Model

Predictions of
warming

top:
all forcings

bottom:
natural forcings

Black:
observations
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            http://www.ipcc.ch
Fourth Assessment Report: 152 lead authors
(including 22 coordinating lead authors).

700 author nominations from governments.
25% earned highest degree in last 10 years.
75% were not previous IPCC authors.
35% from developing countries and countries
with economies in transition.







•Snow cover is projected to contract
•Widespread increases in thaw depth most 
•permafrost regions
•Sea ice is projected to shrink in both the 
•Arctic and Antarctic
•In some projections, Arctic late-summer 
•sea ice disappears almost entirely by the 
•latter part of the 21st century
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•Very likely that hot extremes, heat waves, and heavy
precipitation events will will continue to become more
frequent

•Likely that future tropical cyclones will become more
intense, with larger peak wind speeds and more heavy
precipitation

•Extra-tropical storm tracks projected to move with
consequent changes in wind, precipitation, and
temperature patterns continue to become more frequent
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Summary

•   Warming is real both from instrumental and
non-instrumental observations.

•    Climate variations are known and largely
understood and can be modeled.

•    It is likely that current warming exceeds that
due to natural variation.

•   Computer models do a good job of simulating
past and present climate as well as 
predicting aspects of climate change.

•   It is still possible to respond to the threat.


